A compilation of our present knowledge of the water mites (Acari: Hydrachnidia) adapted to life in standing waters on the three large islands in the western Mediterranean (Corsica, Sardinia and Sicily) is provided. In addition to published data, this study deals with a rich volume of new material from recent field work, mostly deriving from intermittent ponds and pools, an extremely poorly investigated yet peculiar habitat type in the Mediterranean area. Species richness of water mites reported for the standing waters of the three islands amounts to 91 species. Out of the 47 species for which we present new distributional data, Hydrachna incisa Halbert, 1903, Hydrachna leegei Koenike, 1895, Piersigia limophila Protz, 1896, Hydryphantes crassipalpis Koenike, 1914 and Piona laminata (Thor, 1900) have not been recorded previously from the Mediterranean area. Most of these species were believed to have typical North European distributions. In addition to these, a further 13 species are recorded for the first time from the area covered. In total, 11 species are new for Italy, seven more are new for Sicily, three for Sardinia and seven for Corsica. Redescriptions are given of Axonopsis complanata (Müller, 1776) (A. graeca, nov. syn), Brachypoda baderi (reported for the first time after the original description from Abruzzo, Italy, synonymization with B. mutila rejected) and B. mutila (recorded for the first time outside Algeria with certainty). For each species, information is given on habitat preference and geographical distribution; the significance of the data is discussed under perspectives of zoogeography and nature protection. The completeness of our knowledge for the three investigated island is assessed using rarefaction curves and non-parametric estimators of species richness; while Sicily can be considered fairly well known, Corsica and Sardinia require further sampling to assess their water mite diversity.
Introduction
Available knowledge on the diversity and distribution of certain "less charismatic" aquatic invertebrate groups is far from being satisfactory even in Europe; indeed, it has often been stressed that species distribution currently reflects taxonomists' distribution (Ruffo & Stoch 2006) . This scenario is further worsened by to the so-called taxonomy crisis (Boero 2001) , and there is an undeniable risk that much biological diversity might in fact disappear even before being known and described. Furthermore, certain geographical areas or habitat typologies are often overlooked due to historical, cultural or economical reasons; this is the case for the biota of the smaller wetlands of the circum-Mediterranean countries which, in spite of its outstanding diversity and conservation value, has been nearly neglected till recent times (Alvarez Cobelas et al. 2005) . This is unfortunate, as ponds and pools have been shown to contribute as much to the regional biodiversity of Mediterranean countries as rivers or lakes; they host a distinguishing fauna, and provide steppingstones and increased connectivity between other freshwater habitats (Boix et al. 2012) .
Notwithstanding their particular significance for understanding and investigating the ecology of inland water invertebrate assemblages (Smit & Van der Hammen 1992; Dohet et al. 2008) , water mites are not included in the "European Water Framework Directive" (Directive 2000/60/EC of the European Parliament). Updated faunal works and taxonomical keys for Northern and Central European faunas are nowadays available , while our knowledge of the circum-Mediterranean fauna is to date unsatisfactory. We are thus aiming in this paper to contribute to fill this gap on the circumMediterranean water mite fauna, focusing on the lentic inland water bodies of the three larger western Mediterranean islands (Corsica, Sardinia and Sicily).
Materials and methods
Most samplings were carried out from 2004 to 2013. In addition, we add also earlier, unpublished data from collecting activities during the last two decades of the 20th century. Each sampled site was unambiguously identified through its WGS84 geographical coordinates; some notes on the habitat typology and hydroperiod of each sampling site were also recorded ( Figure 1 ).
Invertebrate samples were collected using 150-μm mesh-sized hand-and towing nets. The material from the 1980s and 1990s was sorted out in the field from the living material and stored in Koenike's fluid; samples collected in the 21st century were fixed in situ in 80% ethanol and sorted in the laboratory under a stereomicroscope. All material was stored in separate tubes; when necessary, selected specimens were dissected and slidemounted as described by Davids et al. (2007) . If no other bibliography is mentioned, species identification was based on K. Viets (1936) , Lundblad (1956) and .
A total of about 1000 water mite specimens were studied. Several locations were investigated only once; others were visited several times as indicated in Table I .
Species were classified as standing water dwellers (lenitobionts) based on the presence of swimming setae. This rather simple character works surprisingly well and, in many cases, all members of selected genera are lenitobionts, while other genera include species that avoid standing waters. However, the following restrictions were necessary: in Hydryphantes, H. handschini Walter, 1925 and H. armentarius Gerecke, 1996 , both characterized by very low numbers of swimming setae, have a clear preference for helocrenic springs (Gerecke 1996) . They were therefore excluded from this paper, but a few new records of the latter are included, which was collected in some (groundwater dependent?) pools of the Nebrodi mountains (Sicily). In the 
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genus Arrenurus, accounting for the highest number of water mites species restricted to standing waters in Europe, several species have evolved special adaptations for other types of aquatic habitats. We excluded therefore three spring-dwelling species (crenobionts: A. fontinalis K. Viets, 1920 , A. refractariolus Biesiadka, 1978 , and A. scourfieldi Soar, 1913 and four interstitial species (A. corsicus E. Angelier, 1951 , A. haplurus K. Viets, 1925 , A. pygmaeus E. Angelier, 1954 and A. troglobius E. Angelier, 1951 , which are all recorded from the study area (Smit et al. 2000) . Sample-based rarefaction curves and non-parametric estimators of species richness were calculated to measure and compare sampling efficiency across sites. Analyses were done using the EstimateS software version 9.1.0 (http://viceroy.eeb.uconn.edu/ EstimateS), which adopts the simple analytical formulas of Colwell et al. (2004) for accumulation curve and estimator calculation. Analyses were performed for each of the three islands.
The traditional methods of estimating overall species richness assume that all species are able, up to a certain limit, to colonize the whole area sampled; for this reason, analysis of similarities (ANOSIM: Clarke 1993) was used as a way to test statistically whether there was a significant difference between water mite assemblages in the sampling units of Corsica, Sardinia and Sicily. A presence/absence species × sites matrix was used and a Jaccard index was used to create a resemblance matrix. Subsequently, one-way ANOSIM was applied. The analyses were performed with the PRIMER v. 6.1 statistical package (Primer-E 2006) (Clarke & Gorley 2006) .
Results

Species checklist
Ecological and biogeographical information for the 91 standing water-dwelling water mite species known from Corsica (41 species), Sardinia (39) and Sicily (70) is reported below. Out of the 47 species collected during this survey, 13 are recorded for the first time from the area covered. In total, 11 species are new to Italy, a further seven are new to Sicily, three are new to Sardinia, and seven are new to Corsica. Unpublished records are reported with a locality abbreviation (for details, see Table I ) and differentiated as (males/females/deutonymphs). If not otherwise indicated, information on habitat preference and geographical distribution is based on and the Limnofauna Europaea update in http://www.watermite.org.
The species account follows the (super)family order in K.O. Viets (1987) ; genera and species are treated in alphabetical order. An asterisk (*) is given to species for which previously unstudied material is treated; two asterisks (**) mark species previously unrecorded from the Tyrrhenian islands. Corsica, Sardinia and Sicily: review and new data6. Hydrachna processifera Koenike, 1903 Published records: Sardinia, Sicily (Gerecke 1991) , Sardinia (Davids et al. 2005) . Habitat and biology: temporary and permanent standing waters. Distribution: Palaearctic. *7. Hydrachna skorikowi (Piersig, 1900) New records: Italy: Sicily, I 1407 (0/1/0); I 1542 (0/1/0). Published records: Sicily (Gerecke 1991) . Habitat and biology: most kinds of standing waters, also man-made lakes; in Sicily frequently in remnant pools of summer-dry streams at high salinity. The fact that this species was found only once in this investigation could indicate that the species avoids temporary standing waters. Larvae parasitic on water bugs of the family Corixidae. In Central Europe, hibernation as parasitic larva. Distribution: Palaearctic, Asia. Hydrachna sp. Records: Italy: Sardinia, I 1387 (0/0/1); Sicily, I 1413 (0/0/1). Remark: deutonymphs could not be identified to species level.
Superfamily
Superfamily Eylaoidea
Family Eylaidae Family Limnocharidae 11. Limnochares aquatica (Linnaeus, 1758) Published records: Corsica (Santucci 1965 (Santucci , 1971 Gerecke & Di Sabatino 2013) , Sicily (Davids et al. 2005) . Habitat and biology: lakes and ponds, pools of shaded streams. Larvae parasitic on Heteroptera. Distribution: Holarctic.
Family Piersigiidae **12. Piersigia limophila Protz, 1896 New record: Italy: Sicily, I 1403 (0/1/0). Habitat and biology: semiaquatic habitats at the border of marshes and swamps, in Sicily in a helocrenic spring area bordering a small lake. Larvae parasitic on beetles of the family Hydrophilidae (Enochrus). Distribution: Holarctic. In Europe, previously recorded only from northern and eastern parts; recently discovered also in Central Europe, north of the Alps. Note: first record from the Mediterranean area.
Superfamily Hydryphantoidea
Family Hydrodromidae *13. Hydrodroma despiciens (Müller, 1776) New records: Italy: SiciIy, 1417 (2/7/0); I 1425 (1/1/ 0); I 1427 (0/1/0); I 1428 (2/0/0); I 1438 (1/0/0). Published records: Corsica (Angelier 1954; Santucci 1965 Santucci , 1971 ; Corsica, Sardinia, Sicily (Gerecke 1991) . Habitat and biology: standing waters, with a preference for little alkaline waters. Life cycle unknown. Distribution: previously considered cosmopolitan, but many older records are in need of revision. The separation between H. despiciens and H. pilosa has been ascertained only recently (Wiles 1985; Gerecke 1991 ) and H. reinhardi Pešić 2002 was described as an additional species from pool habitats in the Central Mediterranean area. Published records: Sardinia, Sicily (Gerecke 1991) . Habitat and biology: standing waters and pools of streams, also in waters with elevated electrolyte concentration and high trophic levels (Gerecke 1991) . Larvae parasitic on Diptera (Chaoboridae, Chironomidae, Tipulidae) and Trichoptera. Distribution: Western Palaearctic.
Hydrodroma reinhardi Pešić, 2002
Published records: Corsica, Sardinia (Pešić 2002; Gerecke & Di Sabatino 2013 (Özkan 1988 ) and the new record given here suggest that, in the SW Palaearctic, this species could be much more widely distributed than previously known. Note: first record from the Mediterranean area. Published records: Sardinia, Sicily (Gerecke 1996) . Habitat and biology: permanent and temporary pools and ditches. Larvae parasitic on Diptera of the family Ephydridae. Distribution: Palaearctic. Note: only rarely found in the Mediterranean area.
Hydryphantes (Polyhydryphantes) flexuosus Koenike, 1885
Published record: Sicily (Gerecke 1996 (Gerecke 1996) . Habitat and biology: temporary and permanent standing waters, limnocrenes. Larvae parasitic on Diptera (family Culicidae -uncertain association, only 19 th century bibliographic data). Distribution: Holarctic (? -North American records are questionable). Widespread in Europe. The record from Sardinia stems from a time when the species was not well defined, but presence of the species is well possible.
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Hydryphantes sp.
Record: Sicily, I 1439 (0/0/1). Remark: deutonymph could not be identified to species level.
*26. Parathyas barbigera (K. Viets, 1908) New record: Italy: Sicily, I 1416 (1/1/0). Published record: Sicily (Gerecke 1996) . Habitat and biology: temporary vernal pools. Larvae parasitic on Diptera of the families Culicidae, Limoniidae and Tipulidae. Distribution: Holarctic.
*27. Parathyas palustris (Koenike, 1912) New record: Italy: Sicily, I 1403 (0/2/0). Published records: Corsica (Gerecke 1996) . Habitat and biology: this species is on the habitat preference borderline of the species treated in this paper, with records both from helocrenes, but mostly in Northern Europe, also from forest swamps. The site from which the new record derives is a groundwaterinfluenced small lake. Larvae parasitic on Diptera of the families Chironomidae and Limoniidae. Distribution: Holarctic. Note: first record from Sicily. 
Lebertia porosa Thor, 1900
Published records: Corsica (Angelier 1954; Santucci 1965 Santucci , 1971 Giudicelli 1970; Gerecke 2009; Gerecke & Di Sabatino 2013) ; Sicily (Ferrito 1994) ; Sardinia, Sicily (Gerecke 2009 ). Habitat and biology: standing waters, pools and slow flowing sectors of streams. Larvae parasitic on chironomid Diptera. Distribution: Western Palaearctic, widespread. (Angelier 1954; Santucci 1965 Santucci , 1971 Gerecke 1991; Gerecke & Di Sabatino 2013) ; Sardinia, Sicily (Gerecke 1991 
Hygrobates longiporus Thor, 1898
Published records: Corsica (Angelier 1954; Giudicelli 1970; Santucci 1971; Gerecke 1991; Gerecke & Di Sabatino 2013) ; Sardinia, Sicily (Gerecke 1991) ; Sicily (Ferrito 1994 Previously recorded from Northwestern, Central, Northern and Eastern Europe -often confused with P. ambigua (Piersig, 1894). Note: first record from the Mediterranean. Remark: a species with diagnostic characters restricted to the female, and therefore probably often confused with P. nodata (of which it was first described as a subspecies). Wainstein (1976) ranked it at species level. Habitat and biology: permanent standing waters and lentic areas of streams. Deutonymphs and adults inhabiting sponges and therefore bound to equilibrated conditions in nutrient-rich, but well oxygenated waters. Larvae parasitic on Diptera of the family Chironomidae. Under Mediterranean climate conditions, this species is obviously very rare and was not found during a large-scale inventory of Sicilian streams 1985/86 (Gerecke 1991) . Distribution: Holarctic. Note: first record from Sicily. The detection of two populations of Unionicola crassipes highlights the significance of the Nature Reserves of "Ficuzza" and "Zingaro" as refuges for threatened or rare, stenoecious species.
Unionicola gracilipalpis (K. Viets, 1908)
Published record: Sardinia (Gerecke 1991 Figure 2b ; P-1 centrally narrowed, with one dorsal seta; P-2 ventral margin straight, dorsal margin strongly convex, P-3 ventral margin weakly concave, dorsal margin curved, P-4 ventral margin slightly inflated in proximal part, distally equally narrowed, ventral setae (one long, one short) in distal third. P-5 slender, with three claws, two strong, ventral, one short, dorsal; length/height P-1, 23/24; P-2, 52/45; P-3, 27/30; P-4, 80/28; P-5, 28/14 µm. Remarks: since its early description from Denmark, Axonopsis complanata has been recorded from standing waters over a wide geographical range in Central and Northern Europe, including the perialpine lakes of northern Italy (Largaiolli 1907 (Largaiolli , 1910 Ramazzotti 1947; Nocentini 1960 Nocentini , 1979 . However, as often in the earliest described water mites, little attention has been paid to a careful description of their diagnostic features. The specimen from Sardinia agrees from all points of view with the male from The Netherlands studied in comparison; the measurements agree with the few data available from bibliography. Furthermore, apart from differences in shape of the genital field, which are typical in the genus, the female described under the name Axonopsis graeca Smit 2010 (in Pešić et al. 2010 ) from the island of Lesbos (Greece) is in perfect agreement with our descriptions given above. Obviously, A. graeca is a junior synonym of A. complanata. slender (L/H ratio P-2, 1.4-1.7; P-3, 1.20-1.4; P-4, 3,3-3, 9), P-1 curved, with one dorsal seta; P-2 ventral margin slightly concave, distally forming a blunt projection, dorsal margin convex, P-3 ventral margin concave, dorsal margin convex, P-4 proximally narrow, in the centre, near the insertion of two setae slightly elevated to form an obtuse projection near the insertion of the stronger ventral seta, a finer seta laterally on a further blunt elevation; distolaterally a fine peg seta, distoventrally a hair-like seta; dorsal margin equally convex, with several fine setae; P-5 slender with a long and strong ventral, and a fine dorsal claw. baderi. Palp relatively stout (L/H ratio P-2, 1.2-1.4; P-3, 1.1-1.3; P-4, 3.0-3.5), in setation and shape of segments similar to B. baderi, but P-2 ventral margin nearly straight and ventral setae on P-4 more distally. Remarks: the holo-and paratype from Algeria agree with the specimens from the Tyrrhenian islands in setation and proportions except for their slightly minor size (as is found also in a single female from Southern Spain, E 110). In particular, the holotype male shows the same differentiation of the apical setae on IV-L-4 and agrees in the slender shape and setation of IV-L-5. Males of populations under the name B. mutila from Crimea (Tuzovskij 1978 , including also the reared larval stage) and Turkey (Pešić et al. 2006) , recently assigned by Esen et al. (2013) to B. orientalis Pešić & Esen, 2013 , differ from typical B. mutila in: (1) apical setae on the extension of IV-L similar to each other in size and shape, all short and peg-like, and (2) IV-L-5 thickened and with more curved dorsal margin, more similar to B. baderi, ventral setae shorter, in proximal part peg-like. As the shape of male IV-L-4-6 and their setae is obviously less variable than assumed by Pešić et al. (2006) (Smit et al. 2000) . Habitat and biology: ponds, remnant pools of temporary streams, tolerant to eutrophication, also in slightly brackish water. Larvae parasitic on Odonata (Zygoptera). Distribution: Palaearctic.
Arrenurus (Megaluracarus) cylindratus Piersig, 1896
Published records: Corsica, Sardinia, Sicily (Smit et al. 2000 
Statistical analysis
In spite of the high number of sampling sites, the rarefaction curves did not reach the asymptote in Corsica and Sardinia, while the sampling efficiency was higher and accurate in Sicily ( Figure 5 ). The estimated number of species, calculated using the classical Chao2 equation and the non-parametric incidence based estimator (ICE), gave similar results, demonstrating that sampling effort was insufficient in Corsica and Sardinia, where approximately 50% or less of total estimated species richness was collected; the steepness of the curves, including uniques (i.e. species present in a single site) indicates that the number of species is probably underestimated even applying Chao2 and ICE correction, and cannot be assessed accurately using the data in hand. On the contrary, the knowledge of Sicilian water mites seems quite accurate, and the curves tend to converge towards an asymptote, which is around 70 species. The investigated water mite assemblages from the three islands (Corsica, Sardinia and Sicily) investigated in ponds, pools and lakes during the present research (47 species) were not statistically different (ANOSIM, 9999 permutations, Global R = 0.055, p = 0.995). Pairwise differences between islands were never significant; Corsica and Sardinia (r = 0.236, p = 0.064) slightly differed from each other, while both were subsets of the well-sampled Sicily (Corsica -Sicily, r = 0.095, p = 0.223, Sardinia -Sicily, r = -0.095, p = 0.933). Average similarities between sampled sites within Corsica (6.49), Sardinia (11.32) and Sicily (6.34) were extremely low, indicating a high heterogeneity between sites. The low within-islands similarities in water mite assemblages in standing waters, as well as the absence of statistically significant between-islands differences, may be due to a random distribution of the species pools among sites independently of their geographical location. The inadequacy of the sampling effort performed in Corsica and Sardinia, analyzed above, may influence the accuracy of these results.
Discussion
Due to their complex life cycle with a larval stage selectively bound to specific insect host taxa, water mites are particularly sensitive to environmental change and therefore important indicators in nature conservation (e.g. Martin & Gerecke 2009 ). During the past few decades, intense investigation has improved our knowledge of the water mite fauna of the Mediterranean but, with the exception of a study by Valdecasas and Camacho (1986) in the Sierra de Guadarrama (Spain), interest has been focussed mostly on running waters and spring habitats. In part, this bias was induced by the observation that water mites restricted to these habitats tend to have smaller distribution areas (e.g. Smit et al. 2000 ; for aquatic beetles see Ribera 2000) and were therefore considered more interesting from a zoogeographical point of view. This tendency is confirmed also by the results of our statistical analysis. The results may be influenced by a sampling bias of the different habitat types, and must be taken with caution, but they suggest that standing water species colonize wider distribution areas, which 14 R. Gerecke et al.
often include extended parts of the West Palaearctic, occasionally the whole Palaearctic or even the Holarctic. As noted by Boix et al. (2012) , due to high rates of dispersal via phoresis and intensive habitat connectivity, the western Mediterranean area offers a large potential for species distribution. . Species rarefaction curves for water mites in the three islands (S) and estimated species richness using Chao2 and incidence based estimator (ICE) non-parametric estimators for increasing sampling effort; uniques (i.e. number of species present in a single site) and duplicates (i.e. species present in two sites) are reported as well.
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However, in a preliminary study for a red list of the European water mites, Gerecke and Lehmann (2005) reported that the highest numbers of taxa with scattered distributions, or species which were not recorded for more than 50 years, were found among inhabitants of small standing waters and temporary ponds. Habitats of this type, typical elements in the natural and traditional agricultural landscapes around the Mediterranean, were in sharp decline during the last few decades, and their rate of extinction was dramatic due to reclamation, groundwater management, transformation of natural pools into water reservoirs, and changes in precipitation frequency and intensity (Zacharias & Zamparas 2010; Céréghino et al. 2014) . Consequently, the water mite fauna described herein, including the numerous species documented for the first time from the Mediterranean islands, must be considered at high risk of extinction at a population level: it is not the species as a whole which is endangered, but its genetic diversity, which is expressed by the presence of isolated local populations on the investigated islands.
Our data derive from a variety of projects with different aims and which were conducted with different methodologies; the fauna of Sicily is documented in much detail (a transverse line of low collecting site density crossing the centre of the island in a SW-NE direction is due to elevated electrolyte concentration in inland waters caused by evaporite outcrops), while records from Corsica and Sardinia are rather scattered and the faunal scenario is quite incomplete. For this reason, it is not surprising that attempts at a statistical analysis of distribution patterns or zoogeographical gradients were unsuccessful.
A series of interesting results emerges, concerning topics which deserve to be highlighted in future research:
1. With five species recorded for the first time from the Mediterranean area, and, in addition, six first records for Italy, seven for Sicily, three for Sardinia and seven for Corsica, our new results are an important contribution to a more complete knowledge of the biodiversity in the area. For several species, the southern distribution limit is considerably extended (e.g. members of the family Piersigiidae appeared so far restricted to Northwestern, Northern and Central Europe with a southern limit in the German pre-Alps, Gerecke et al. 2011) . Our data suggest that intense investigations in upper montane areas on the islands will produce records of additional species previously believed to be restricted to Central and Northern Europe. At our present state of knowledge, the standing water mite fauna under the cold-temperate climate in Southern Europe is not characterized by own endemic elements, but represents a "diluted northern fauna". However, such isolated outposts at the border of distribution areas are of particular biogeographical interest. Standing water habitats in mountain forests and subalpine meadows are refugial habitats for the remnants of a highly threatened relict fauna that has probably just disappeared from several parts of the Mediterranean. 2. In the western Mediterranean, pool areas of permanent streams and residual pools of temporary running waters are often the only refugial areas suitable for the survival of limnic water mite species. The fact that many species, known from lakes and ponds in Central and Northern Europe, in the south are recorded exclusively from streams is most probably not the consequence of a local stenotopy, but simply the result of a large-scale destruction of suitable standing water habitats. In this context, 'suitable' means that the water should be unpolluted, available year-round and with a stable or only slightly changing water level or, if temporary, with diversified riparian sediment structures allowing the survival of mites and/or their hosts under wet conditions (Wiggins et al. 1980; Gerecke 1991) . Where such kinds of habitat disappeared from the landscape, the importance of streams increased under the aspects of nature conservation: here, a responsible water management becomes crucial for the survival of pond water fauna in oasis-like refugial habitats in summer dry streams. For instance, the fact that standing water-dwelling species of the genera Brachypoda, Hygrobates and Lebertia on the western Mediterranean islands have so far been found exclusively in streams is probably best explained by the lack of other suitable habitats at middle and low elevations. 3. The data assembled herein, with a total of 91 species, collected during a variety of investigations with different aims, where water mite collection was often a marginal aspect, highlight the important contribution of this taxonomic group to the diversity of lakes, ponds, ditches and pools in the Mediterranean area. In the study area, from a proper research project covering the maximum possible diversity of habitats, and following a well-defined field work protocol, we would expect a further significant increase of our knowledge on water mite diversity, especially in the more incompletely known Corsican and Sardinian areas.
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